Introduction: Hemangiopericytomas usually occur in the soft tissue and skeletal system. They rarely present in the spinal canal as a primary tumor. There are several case reports describing primary spinal hemangiopericytomas of the cervical and thoracic spine; however, there are only 3 reports of sacral hemangioperictyomas (Liu, 2013; McMaster, 1975; Zhao, 2007) . We report an extremely rare presentation of a primary spinal hemangiopericytoma arising from the S2 nerve root with local bony destruction of the sacrum.
Introduction
Hemangiopericytomas were first described by Stout and Murray in 1942 (Stout, 1942) . They usually occur in the subcutaneous soft tissue and skeletal system. Rarely, hemangiopericytomas can arise from the central nervous system or bone. Osseous hemiangiopericytomas represent less than 1% of all vascular tumors while meningeal hemangiopericytomas represent 1% of all central nervous system (CNS) tumors (Dahlin, 1986) . Initially considered a variant of meningiomas, hemangiopericytomas are now a separate entity deemed by the World Health Organization (WHO). Hemangiopericytomas are considered to be WHO grade II, with anaplastic hemiangiopericytomas to be WHO grade III.
There are reports of primary spinal hemiangiopericytomas, most of which are located in the cervical and thoracic spine. Rarely, they are seen in the lumbar region. To our knowledge, there are only 3 cases which report a primary spinal hemangiopericytomas arising from a sacral nerve (Liu, 2013; McMaster, 1975; Zhao, 2007) . We present a rare case of a S2 hemiangiopericytoma with local destruction of the sacrum and a review of the literature.
Case Reports
A 52 year-old male presented with low back pain and left lower extremity numbness and tingling sensation for 3 months. A physical examination revealed intact motor strength in bilateral lower extremities with left S2 pain along the medial posterior aspect of the thigh. He received an MRI which showed a 5.2 cm x 5.7 cm sacral mass (Figures 1-3 ). A dorsal midline approach with intraoperative monitoring was performed four weeks after the biopsy. The tumor was large, encapsulated, and lateral to the spinous process of L5. Due to its size, an en-bloc resection was not performed but resected in a piecemeal fashion. Working around the capsule, the origin of the tumor was found to be at the left S2 nerve root ( Figure 6 ). Since the patient only had sensory deficits, aggressive resection of the adherent portion of the tumor was not pursued to avoid neurological deficits. We developed a corridor to the ventral aspect of the tumor lateral to the nerve root. A sub-total resection of the tumor was achieved, which the residual portion adherent to the S2 nerve root (Figures 7-8 ). A unilateral right-sided L4-S1 pedicle screw fusion was performed. The stability of S2 was not destroyed by the tumor, thus not requiring fixation below S1. The bony anatomy was destroyed and would not have been adequate for instrumentation due to the tumor involvement. Postoperatively, the patient was neurologically intact with resolution of his sensory deficits.
Pathology showed "staghorn" vascular channels without necrosis or hemorrhage. There was also an abundance of reticulin fibers, CD34 reactivity, and low mitotic activity, deeming this tumor to be a grade II hemangiopericytoma (Figures 9-11) . Because of the residual tumor left along the nerve root, the patient received radiotherapy. 
Discussion
Hemangiopericytoma was first described Stout and Murray in 1942. They determined its origin to arise from Zimmerman's pericytes, which are pericapillary mesenchymal cells with contractile capability. Hemangiopericytomas are highly vascular, aggressive tumors that can cause local destruction of structures (Stout, 1942) . These tumors usually occurs in soft tissue or skeletal system. Hemangiopericytomas usually present in the fourth and fifth decade but can range from 12 to 90 years of age. They have a male-to-female ratio of 1.8 (Tang, 1988) . One percent of hemiangiopericytomas are found in the CNS (Abrahams, 1999) .
The differential diagnosis is dependent on the location of its presentation. A differential diagnosis in this region includes chordoma, chondrosarcoma, giant cell tumor, schwannoma, and meningioma (Guthrie, 1989) . In our case, the origin of the tumor was unclear due to the nerve root involvement and the sacral destruction. Hemangiopericytomas are categorized as a solitary fibrous tumor, which includes malignant mesothelioma, synovial cell sarcoma, leiomyomatous tumor, granulosa cell tumor, and gastrointestinal stromal tumor. In difficult cases, immunohistochemistry can aid in the diagnosis.
The radiographic characteristics of hemangiopericytomas can be nonspecific, and therefore make it difficult to diagnose preoperatively. On CT, local bony destruction can be visualized, which was present in our case. MRI T1 shows an intermediate signal tumor with contrast enhancing, serpentine, vascular channels (Mahnken, 2002; Tang, 1988) .
Histologically, hemangiopericytoma cells cluster around capillaries and post-capillary venules, and contain round-to-oval nuclei. Prominent serpentine vascular channels ("staghorn") within the tumor suggest the diagnosis of hemangiopericytoma. Other tumors that can present with high-flow vascular channels include hemangioendothelioma, angiosarcoma, and sarcomas (Mahnken, 2002) . Sarcomas usually have a component of necrosis and/or hemorrhage, which was not present in our case. Grade III anaplastic hemangiopericytomas contain necrosis and/or more than 5 mitosis per ten microscopics fields. Anaplastic hemangiopericytomas also contain two of the following microscopic features: hemorrhage, high cellularity, and nuclear atypia. Immunohistochemical staining of CD34 is helpful in differentiating hemiangiopericytomas from other tumors, such as primary bone tumors or metastatic carcinoma (Hulberg, 1988) .
Surgery is the recommended treatment of choice for CNS hemangiopericytomas. Gross total resection can drastically improve the 5-year recurrence compared to a partial or subtotal resection (Combs, 2005) . Due to their highly vascular nature, preoperative embolization can aid the surgeon in achieving gross total resection and minimizing blood loss (Fountas, 2006; Wu, 2009 Zweckberger et al noted the profound difficulty in these aggressive tumors based on histological grade (Zweckberger, 2011) . Looking at a series of 10 cranial and 5 spinal patients, they noted radical surgical resection critical to tumor treatment. In fact, patients with grade II histology who underwent complete resection showed no recurrences or distal metastasis. However, those with grade subtotal resection grade II and those with anaplastic grade III histology require radiation therapy. Both grade II patients with subtotal resection and grade III patients showed distal metastasis (Zweckberger, 2011) .
In a substantial number of cases (one-third to two-third), complete resection is not possible (Sonabed, 2014) . There are reports which recorded the high rates of recurrence even if gross total resection was achieved (Guthrie, 1989) . High propensity of recurrence and systemic metastasis with these lesions necessitates the use of second-line treatment options. Adjuvant radiotherapy has been shown to improve the disease-free and overall survival of the patients (Schiariti, 2011) . In a recent study, Sonabend et al reported a significant improvement of overall survival with the addition of radiotherapy (Sonabend, 2014) . Additionally, the role of stereotactic radiosurgery is also well established for the effective control of CNS lesions; however, there are only few cases in the literature of its usage for the spinal hemangiopericytomas (Liu, 2013) .
On the contrary, there are reports that did not show any survival advantage of adjuvant radiotherapy following gross total resection (p=0.313) (Ruthkowski, 2012) . Gross total resection regardless of adjuvant radiotherapy does not affect the development and time to metastasis (Ruthkowski, 2012; Sonabend, 2014) . Later findings incited the researchers to use chemotherapy for the better control of aggressive, recurrent and metastatic lesions. Vincristine, ifosfamide, etoposide, and doxorubicin are the most common chemotherapeutic agents used for hemangiopericytomas (Kaur, 2014) . Due to their hypervascularity, some authors advocate the use of anti-angiogenesis drugs (Rh endostatin and ginsenoside Rg3) (Li, 2012) . However, the results of chemotherapy are inconsistent and is not considered to be effective adjuvant therapy (Liu, 2013) . Though it is difficult to formulate a treatment guideline based on the variable reports in the literature, it appears that the upfront use of adjuvant radiotherapy to the surgical treatment improves the survival of the patients harboring these tumors (Sonabend, 2014) . The synergistic role of chemotherapy especially in recurrent and malignant lesions is yet to be proven. In our case, because there was a small residual left adherent to the sacral nerve, the patient received adjuvant radiotherapy.
Schiariti et al further described hemangiopericytomas over a 24-year period follow-up. The author investigated recurrence and outcomes to various treatment modalities. Overall, the tumor was noted to be locally aggressive with distant metastases. Of their 39 patients, 5 were intraspinal and 34 were intracranial. The recurrence rate among all patients was 3.5%, 46%, and 92% over a 1, 5, and 15 year period. Overall survival at 5 years was 93%, 10 years 67%, 15 years 45%, and 23% at 20 years. The location of primary hemangiopericytomas had no association with overall survival. This paper defined histologic grade on the Mena classification, showing that twenty patients with low-grade histology had a statistically significant 114 months increase in overall mean survival. They also had recurrences 36 months later than their high-grade counterparts. Forty-two percent of the patients had transformation from low to high grade during their series. The most common site of metastatic presentation was the lung, bone, and liver with site of metastasis showing no relation to overall survival (Schiariti, 2011) .
Shirzadi et al specifically looked at spinal hemangiopericytomas in their series to determine clinical features, surgical strategies, and outcomes. Four specific cases ages 27 to 57 were followed showing both an intramedullary and extramedullary presentation of the tumors. In review, they noted that patients with intradural hemangiopericytomas presented with less pain than patients with an extradural location. Also, interestingly in review, 100% of patients with an intramedullary tumor location survived at 3 years with a 0% metastasis rate. The most common location for hemangipericytoma was noted to be the cervical spine. They further advocated for aggressive gross total resection with the all three patients who underwent total resection surviving at three years. The patient who had a subtotal resection died. Final consensus specifically for spinal hemangiopericytomas was en-bloc resection when feasible. Unfortunately, due to the size and location of the tumor, gross total resection was achieved in a piecemeal fashion. Radiotherapy is indicated for all subtotal resections and high-grade tumors (Shirzadi, 2013) .
Recurrence rates range from 44% to 88%, with CNS and/or distant metastases in 14-50% of patients (Bastin, 1992; Mena, 1991; Wu, 2009) . A higher grade is associated with a higher recurrence and metastasis rate (Guthrie, 1992; Mena, 1991) . Because recurrence can occur years after initial treatment, long-term follow-up is warranted (Bastin, 1992; Ecker, 20013; Guthrie, 1992; Mena, 1991; Wu, 2009 Vol. 4, No. 1; metastasis rate of intradural hemangiopericytomas was 50% and 0%, respectively. Of the 15 patients that had extradural tumors, he found the recurrence and metastasis rate to be 73% and 27%, respectively.. The authors believed the higher recurrence rate of extradural hemangiopericytomas is due to the origin of the tumor. One of the patients in this case series had a recurrence 10 years after initial treatment, again supporting the necessity for long-term follow-up (Zweckberger, 2011) . In our case, the tumor was extradural and adherent to the S2 nerve root
There are reports in the literature discussing primary spinal hemangiopericytomas, most of which are case reports. There are only 3 reports that describe a sacral hemangiopericytoma. Looking at specifically sacral presentation, a five patient case series by McMaster et al showed 1 patient presenting with a sacral hemangiopericytoma (McMaster, 1975) . He described the tumor as an extradural tumor which extended through the sacral foramina into the pelvis. A subtotal resection was achieved. Another report is a 23 patient case series is by Zhao et al, of which 1 patient presented with a sacral hemangiopericytoma. It is stated that it was located in the sacral spine, but it is unknown whether the tumor originated from the nerve or whether it was an osseous hemangiopericytoma (Zhao, 2007) .
Liu et al has the largest case series of primary spinal hemangiopericytomas, of which 10 were extradural. Two patients had a lumbosacral hemangiopericytoma. His male-to-female ratio was 1.17:1, slightly lower than what has been previously reported. The primary symptoms included pain, numbness, and paralysis. Total resection was achieved in 54% of the patients. They found no statistical difference in survival benefit in degree of resection or recurrence-free benefit, which differs from previous literature. 22 of the 26 patients received adjuvant radiotherapy, despite achieving gross total resection. The decision for adjuvant radiotherapy was based on the concern of recurrence. In our case, adjuvant radiotherapy was pursured because of the small residual adherent to the sacral nerve. In Liu's study, their 5-year survival was 76%, similar to previous studies (Liu, 2013) .
There are some limitations in the study and management of this patient. Because of the adherence to the S2 nerve root, en-bloc resection was not performed. In retrospect, sacrifice of the S2 nerve root with a functional contralateral S2 nerve does not lead to severe functional impairment and would have helped the authors achieve a gross total resection. Instrumentation on the side of the tumor was not feasible due to the involvement of the pedicles and ventral bony destruction. Alar or iliac screws could have aided in a bilateral construct. Certainly, long-term follow-up is needed after radiotherapy to assess for recurrence and/or metastasis.
Conclusion
Sacral spinal hemangiopericytomas are a rare entity with few reports in the literature. Preoperative diagnosis can be difficult due to its rarity and can only be diagnosed with histopathologic assessment. Due to the few number of reported cases, the best treatment option still remains unclear. Further investigation is needed to determine the best surgical and medical management.
